Abstract. Numerical simulation by finite element method has become a powerful tool in predicting and preventing the unwanted effects of sheet metals technological processing. One of the most important problems in sheet metal forming is the compensation of springback. To improve the accuracy of the formed parts, the die surfaces are required to be optimized so that after springback the geometry falls at the expected shape. This paper presents and discusses numerical simulation procedure of die compensation by using the methods of Simplified Displacement Adjustment (SDA). This analysis use Benchmark 3 models of Numisheet 2011. Sensitively analysis was done by using finite element method (FEM) show that the springback values are influenced by element size, integration points and material properties.
Introduction
Every process of metal that involves the plastic deformation is produce springback phenomenon. Springback can be considered as a dimensional change which happens during unloading, due to the occurrence of primarily elastic recovery of the material [1] . Therefore, springback occurrence theoretically exists in whatever kind of sheet metal forming or stamping process. It cannot be eliminated because the elastic deformation is always coming during the sheet forming process. As a result, the final shape of the drawn part will deviate from the shape imposed by the forming tool.
Li et al. [2] reported that the most important problem in sheet metal forming is the compensation of springback. Many efforts have been done to eliminate the springback problem [3, 4, 5] . Most of them focus on mechanical based methods for increasing sheet tension during sheet bending [6, 7, 8] which considerably reduces the degree of springback. The other method is geometry based compensation. This method can give the dimensional accuracy of the final product, especially in complex model [9] .
Two common methods for springback compensation are explained in the literature, the Displacement Adjustment (DA) method [10] and the Spring Forward (SF) proposed by Karafillis and Boyce (K&B) [11] . The SF method has a more physical approach, based on the internal stresses that cause springback and computing the constraint forces to maintain equilibrium following forming. The algorithm of SF is based on the assumption that the inverse of stress correspondingly results in the response of forward deformation instead of spring backward [12] . This concept was different with the real process of sheet forming. The other hand, the DA method algorithm is based on the real springback investigation. The DA method is a strictly geometrical method, to move the surface nodes defining the die surface in the direction opposite to the springback error. The displacement vectors at each node are used to adjust the trial die design until the target part shape is achieved.
The Simplyfied Displacement Adjustment
The original of DA method is directly based on the result of springback after unloading. The concept is based on geometrical method, to move the surface nodes defining the die surface in the direction opposite to the springback error. Regard the springback geometry S, given as collection of n nodes in 3 ℜ and the target geometry R. Figure 1 . Nodes translation in the die compensation of SDA concept
The compensated geometry (C) is now calculated as:
The factor a is called the compensation factor. The first result of springback mesh is ( )
then, equation (4) can be formulated in iteration j as follows.
The optimization process is stopped when the geometrical tolerance (ε) is reached:
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The illustration of nodes translation for die compensation is made clearly as shown in Figure. 1.
Figure 2. Geometry of tooling

Compensating The Numisheet Benchmark Problem
In several publications, simple product was selected in the analysis of springback compensation. The main focus is the hat-profile, which is basically an elastoplastic 2D bending problem. In the real sheet forming process, springback depends not only on bending stresses but also on in-plane stresses. This is important for die compensation. Figure. 2. Blank sheet is generated manually by using blank generator of Dynaform. Mild steel DQSK was selected as material of blank in this study. Figure. 3 shows the stress-strain curve of the material.
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Results And Discussions
Forming simulation consists of four steps, the first is downward movement of punch, which die, binder, and blank are stationary. Second is binder movement to wrap the blank which the die, punch and blank are stationary. The forming step is the third step by moving the punch to deform the blank, and the binder is holding the blank controlled by the force. Punch movement was controlled by duration of closing tools between the punch and die. The five steps or final step is springback simulation by release the punch and binder then the deformed blank will be springback.
The bending moment related to the stress distribution through sheet thickness will influence the magnitude of springback. Most shell elements require numerical integration of stress and strain distribution through sheet thickness in order to obtain bending moments and tensile force. A Springback result was influenced by NIP (Number of Integration Points) as shown in Figure. 3. Several NIP of 3, 5, 7, 9, 11, 13 and 15 were adopted for springback analysis. The lowest NIP of 3 was delivered the highest result of springback as shown in Figure. Many researches have reported that the NIP between 5 to 11 are adequate, and 7 to 9 are optimal. From Figure 4 . poor springback result was obtained when the NIP is lower, however, when the NIP is larger then 7, the simulated springback was stable, and there is no further improvement introduced after NIP is over 11.
Larger NIP in the springback analysis will result in more time consumption. Figure 6 . shows the influence of NIP in CPU time during analysis. The higher of NIP will increase CPU time; however, the springback value is not decrease significantly in the use NIP of 13 and 15. Considering complicated bending and invers bending case, efficiency and accuracy, 11 is the optimal value of NIP in this analysis. Crack is one of the problem commonly appear in the sheet forming. In this analysis, crack was investigated and there are cracks in the formed part. These cracks were appeared in the FLD results with the application blank holder force (BHF) of 1250 kN. The crack region was obtained in the highest part and the largest distance from the tools, as shown in Figure. Although it is impossible to prevent springback, it can be minimize by some technique, i.e. die compensation. Die compensation was done to make the springback part fall in the reference geometry. Springback part is then compared to the target part to check the gap. The comparison between springback part and the target after three times compensation delivered the gap distributions. The distribution of gap was shown in the difference color as illustrated in the Figure  8 . At the third iterations, the bigest deviation was 2.7mm, stated as blue color in Figure 8 . Figure 9 . show the overall deviation check in every step of die compensation. After five iterations the deviation value was 1.74 mm. 
Conclusion
Extensive numerical simulations for the front side member parts have been performed by dynamic explicit finite element methods. The accuracies of the springback predictions have been improved through the numerical analysis. The FE simulation can be used to adapt the geometry of the forming tools and the process parameters to compensate for springback. The springback compensations have been decreased the deviation error after five cycles of iterations through the numerical analysis.
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